We performed elastic neutron scattering and magnetization measurements on Fe1.07Te0.75Se0.25 and FeTe0.7Se0.3. Short-range incommensurate magnetic order is observed in both samples. In the former sample with higher Fe content, a broad magnetic peak appears around (0.46,0,0.5) at low temperature, while in FeTe0.7Se0.3 the broad magnetic peak is found to be closer to the antiferromagnetic (AFM) wave-vector (0.5,0,0.5). The incommensurate peaks are only observed on one side of the AFM wave-vector for both samples, which can be modeled in terms of an imbalance of ferromagnetic/antiferromagnetic correlations between nearest-neighbor spins. We also find that with higher Se (and lower Fe) concentration, the magnetic order becomes weaker while the superconducting temperature and volume increase. PACS numbers: 61.05.fg, 74.70.Dd, 75.25.+z, 75.30.Fv Since the recent discovery of Fe-based superconductors with high critical temperatures (T c ), 1,2,3,4 extensive research has been carried out to study the magnetic structures in these materials, 5, 6, 7 as magnetic fluctuations are expected to play an important role in producing the unconventional superconductivity. 8, 9, 10 It is now well established that in LaFeAsO-(1:1:1:1) (Refs. 11,12,13) and BaFe 2 As 2 -(1:2:2) (Refs. 14, 15,16,17) type compounds, the long-range magnetic order is suppressed with doping, while the superconductivity appears above a certain doping value. While there are some rare cases where superconductivity appears sharply after magnetic order disappears, 12 in most systems short-range magnetic order coexists with superconductivity over some range of doping. 11, 13, 14, 15, 16, 17 In the more recently discovered system Fe 1+δ Te 1−x Se x (1:1), 18, 19, 20 it is found that: i) long-range magnetic order is present in non-superconducting Fe 1+δ Te, 21, 22, 23 but only short-range magnetic order survives in superconducting samples with 33% (Ref. 23) and 40% Se (Ref. 20); ii) the observed magnetic order has a different propagation wave-vector from that of the other Fe-based systems. To describe the ordering, we consider a tetragonal unit cell containing two Fe atoms per plane, and specify wave vectors in reciprocal lattice units (r.l.u.) of (a * , b * , c * ) = (2π/a, 2π/b, 2π/c); the unit cell is rotated 45
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• in the a-b plane from that used for 1:1:1:1 and 1:2:2 systems. 22 In the latter systems, the spin-density-wave (SDW) order is commensurate, with propagation wave-vector (0.5,0.5,0.5), generally attributed to nesting of the Fermi surface. 22, 24, 25, 26 In the 1:1 system, the SDW order propagates along (0.5,0,0.5), and can be either commensurate, or incommensurate, depending on the Fe content. 22, 23 Calculations using the local spin density approximation for hypothetical stoichiometric FeTe yield a commensurate magnetic ground state consistent with that seen experimentally 27, 28 ; however, the (0.5,0.5,0.5) SDW order is calculated to have the lowest energy for FeSe. 27 To address the evolution of the magnetic correlations with Se concentration, we have performed elastic neutron scattering and magnetization measurements on high quality single crystals with different Fe and Se contents. We show that there is short-range incommensurate magnetic order in both The bulk magnetization was characterized using a superconducting quantum interference device (SQUID) magnetometer. In the magnetization measurements, each sample was oriented so that the (001) plane was parallel to the magnetic field. The zero-field-cooling (ZFC) magnetization vs. temperature for each sample is shown in Fig. 1(a) , where one can see that the 25% Se sample only shows a trace of superconductivity, while the 30% Se sample clearly has a T c ∼ 13 K. We estimate that the superconducting volume fraction for the latter sample is ∼ 1%. The inset of Fig. 1(a) shows that the paramagnetic magnetization grows on cooling, and is greater in the sample with less Se (and more Fe). The paramagnetic response does not follow simple Curie-Weiss behavior, so it is not possible to make a meaningful estimate of effective magnetic moments. For the 25% Se sample, there is a shoulder at ∼ 60 K which could be due to 2-3% of Fe 1+δ Te as a second phase, which has a magnetic phase transition temperature of ∼65 K. 22 In our elastic neutron scattering measurements, each sample was aligned on the (200) and (001) nuclear Bragg peaks with an accuracy and reproducibility in longitudinal wave vector of better than 0.005 r.l.u.. For the magnetic peaks, linear scans were performed along [100] and [001] directions at various temperatures. The temperature dependence of the peak intensity is summarized in Fig. 1(b) , and representative scans are shown in Fig. 2 . No net peak intensity is observed at 60 K, but a weak magnetic peak appears at slightly lower temperature, growing in intensity with further cooling. For Fe 1.07 Te 0.75 Se 0.25 , the magnetic structure is clearly incommensurate, and the peak position is determined to be (0.5 − ǫ, 0, 0.5), with ǫ = 0.04. From Fig. 2(a) , we did not observe a peak at (0.5 + ǫ, 0, 0.5). For FeTe 0.7 Se 0.3 , the magnetic peak center is at (0.48,0,0.5), although this differs from the commensurate position by less than the peak width. Our observations are qualitatively consistent with the previous result 23 for Fe 1.08 Te 0.67 Se 0.33 , where the magnetic peak is at (0.438,0,0.5); it appears that both the Fe and Se concentrations impact the ordering wave-vector. We have also searched for SDW order around (0.5,0.5,0.5) in the (HHL) zone, but no evidence of magnetic peaks was found.
At 5 K, the peak width for Fe 1.07 Te 0.75 Se 0. 25 [100] scan is 0.10 r.l.u., which corresponds to a correlation length of 6.1(1)Å. The width along [001] is 0.20 r.l.u., giving a correlation length of 4.9(1)Å. As can be seen from Fig. 2 Fig. 1(b) , one can see that the magnetic peak intensity for Fe 1.07 Te 0.75 Se 0.25 is always higher than the other one. Although the SDW order is short-ranged in both compounds, and starts at around the same temperature, ∼ 40 K, the order is apparently stronger in the 25% Se sample. The magnetic structure of the parent compound Fe 1+δ Te can be described by the schematic diagram in the inset of Fig. 3(a) , which is adopted from Refs. 22,23. Here the magnetic structure consists of two spin sublattices. The spins in both sublattices are found to be aligned along b-axis. Within each sublattice, the spins have an antiferromagnetic alignment along a and c-axes, and ferromagnetic along the b-axis. The spins have a small out-of-plane component, but here, for simplicity, we are only considering the components in the a-b plane. With low excess Fe, 22 this configuration gives rise to magnetic Bragg peaks at the commensurate AFM wave-vector (0.5,0,0.5). The extra Fe is considered to reside in the interstitial sites of the Te/Se atoms. 23 With more excess Fe, the ordering wave-vector becomes incommensurate, which can be explained by a modulation of the ordered moment size and orientation, propagating along the a-axis. 23 The connection between excess Fe and the transition from commensurate to incommensurate order has been modeled theoretically. 29 With Se doping, the magnetic order is depressed and becomes short ranged. It is intriguing that magnetic order can survive without a lowering of the lattice symmetry from tetragonal, although perhaps there are local symmetry reductions on the scale of the magnetic correlation length. The incommensurability is also interesting. A uniform sinusoidal modulation of the spin directions or magnitudes will give incommensurate peaks at (0.5±ǫ, 0, 0.5), whereas we see a peak only on the −ǫ side. One can model this with phase shifted modulations on the two sublattices, but the modulation length required to describe the incommensurability is much greater than the correlation length.
We have found that a simple description of the incommensurability can be obtained when the decay of correlations between ferromagnetic nearest-neighbor spins is different from that of antiferromagnetic spin neighbors. We will consider correlations only along the modulation direction within an ab plane, and assume that they are independent of correlations in the orthogonal directions. Let us break the spin system into perfectly correlated nearest-neighbor pairs, with exponential decay of the spin correlations from one pair to the next along the a-axis. The neutron scattering intensity can then be expressed as
where F is the structure factor for the selected pair of spins, h is the wave-vector component along the a-axis, and
p is the correlation function between neighboring pairs, where the negative sign suggests that the inter-pair corrlation is antiferromagnetic; and ξ is the correlation length. (In all cases discussed below, we set ξ = a.) Let us first consider the case of ferromagnetic spin pairs with exponentially decaying correlations between pairs, as illustrated in Fig. 3(b) . The structure factor for this case corresponds to
as indicated by the dashed line in Fig. 3(b) . Plugging this into Eq. (1) gives the solid line shown in Fig. 3(b) . Note that the calculated peaks are incommensurate, with the peak near h = 0.5 shifted to lower h. Alternatively, we can start with an antiferromagnetic spin pair, in which case
This yields the result shown in Fig. 3(c) , with the peaks shifted in the opposite direction. If the decay of correlations is identical for ferromagnetic and antiferromagnetic nearest neighbors, then we can average over these two cases, obtaining |F | 2 = 2; the resulting commensurate peaks are shown in Fig. 3(a) .
Our experimental results look similar to Fig. 3(b) . This suggests that the ferromagnetic correlations are stronger than the antiferromagnetic ones. For the model illustrated in Fig. 3(b) , the incommensurability grows as the correlation length gets shorter. The trend in our two samples does not follow this relationship; however, one could describe a more general relationship between the ferromagnetic and antiferromagnetic correlations by taking a weighted average of Eqs. (3) and (4).
In summary, we have observed short-range magnetic order in Fe 1.07 Te 0.75 Se 0.25 and FeTe 0.7 Se 0.3 .
In both samples, the magnetic order is incommensurate and only observed on one side of the commensurate wave-vector (0.5,0,0.5), which is likely a result of the imbalance of ferromagnetic/antiferromagnetic correlations between neighboring spins. The parent compound Fe 1+δ Te is not superconducting, 22, 23 and the optimally doped sample with 50% Se has no static magnetic order 31, 32 . Our samples have Se content lying in the middle, where we see that with larger Se doping, the SDW order becomes weaker, while the superconductivity is enhanced. This could imply the coexistence and competition between SDW order and superconductivity in this system, similar to other Fe-based 9, 11, 13, 14, 15 and cuprate superconductors 33, 34, 35 . Interestingly, in the Fe 1+δ Te 1−x Se x system, the SDW order and superconductivity can be tuned not only by doping Se, but also by adjusting the Fe content. 20, 36, 37 It has been reported that the excess Fe acts as a magnetic electron donor, 36 suppresses the superconductivity, and induces a weakly localized electronic state. 38 Our results are completely consistent with these results-with less Fe and more Se, the SDW order is weaker; with more excess Fe and less Se, superconductivity is weaker, but to really distinguish the role of Fe and Se, samples only varying one element are certainly required for future work. We also note that recent studies of superconducting FeTe 0.6 Se 0.4 (Ref. 31 ) and FeTe 0.5 Se 0.5 (Ref. 39) show evidence of a spin gap and resonance peak at the wave vector (0.5, 0.5, L). It should be interesting to study how the magnetic correlations evolve with Se concentration between 30% and 40%.
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